We have recently shown that the exclusion process causing the replacement of DNA ligases II by DNA ligase I in amphibian eggs after fertilization does not occur In the case of Xenopus laevis [Hardy, S., Aoufouchi, S., Thiebaud, P., and Prigent, C, (1991) Nucleic Acids Res. 19, 701-705]. Since this result is in contradiction with the situation reported in axolotl and Pleurodeles we decided to reinvestigate such results in both species. Three different approaches have been used : (1) the substrate specificity of DNA ligase I; (2) the DNA Ilgase-AMP adduct reaction and (3) the Immunological detection using antibodies raised against the X.laevis DNA ligase I. Our results clearly demonstrate that DNA ligase I activity is associated with a single polypeptide which is present in oocyte, unfertilized egg and embryo of both amphibians. Therefore, the hypothesis of a change in DNA ligase forms, resulting from an expression of the DNA ligase I gene In axolotl and Pleurodeles early development must be rejected. We also show that, in contradiction with published data, the unfertilized sea urchin egg contains a DNA ligase activity able to join blunt ended DNA molecules.
INTRODUCTION
DNA ligases catalyse the formation of phosphodiester bonds between 5'phosphoryl and 3'hydroxyl groups in DNA during replication, repair and recombination (1) . Two DNA ligases have been found in higher eukaryotic cells: DNA ligase I and DNA ligase n. They are not serologically related and they show different substrates specificities (2) (3) (4) (5) . DNA ligase I is involved in DNA replication (6) (7) (8) while DNA ligase II is thought to be the DNA repair enzyme (9) (10) (11) . The replacement of DNA ligase n by DNA ligase I reported in axolotl development has been related to a very early gene activation (12 -14) . This led the authors to propose a very attractive model for studying the control of eukaryotic gene expression (reviewed in 15, 16) . It was postulated that this duality of DNA ligase forms corresponded to distinct transcriptionnal information and that the appearance of the heavy form was consecutive to an early gene activation (12) (13) (14) . We have shown that the major DNA ligase activity in X. laevis egg was a type I DNA ligase corresponding to a 180 kDa protein reproducibly found before and after fertilization (17) . This striking result was in contradiction with the amphibian DNA ligase model. In axolotl and Pleurodeles sucrose gradient sedimentation was used to distinguish two DNA ligase activities: a light form (6S for axolotl and 7S for Pleurodeles) and a heavy form (8S for axolotl and 7.5S for Pleurodeles) (18) (19) (20) (21) (22) . In both species it was shown that the only DNA ligase activity present in the unfertilized egg was the so called light form which was replaced by the heavy form when the egg enters cleavage. Although no specific assays were performed to discriminate between type I and type II activities it was assumed that the heavy form was DNA ligase I while the light form was the DNA ligase II (15, 16, 23) . A similar situation has been described during sea urchin development (24) . In addition, sucrose gradient analysis has been extensively used to described a similar exclusion process during various cell differentiation processes as different as ram germ cells maturation (25, 26) , chicken lymphoid and human thymic cells maturation (27, 28) or thymus chick embryo (29, 30) .
Our conflicting results on X. laevis DNA ligase I caused us to reinvestigate DNA ligase I activity in both the amphibians species concerned and also in sea urchin. In the last years, major improvements have been made in the characterization of DNA ligase based on the use of techniques allowing the discrimination between type I and type II DNA ligases and the identification through ligase-AMP adduct reaction of DNA ligase related polypeptides. More recently specific polyclonal antibodies directed against the mammalian and amphibian DNA ligase I have been made available (17, 31) . In this report, DNA ligase I activity was specifically detected by using blunt ended DNA molecules and the type I DNA ligase was confirmed by immunological reaction with antibodies raised against the X laevis DNA ligase I. The adenylated DNA ligase was also visualized by SDSpolyacrylamide gel electrophoresis after incubation with [a- Pleurodeles. Moreover this activity is associated in both amphibians with a single polypeptide present throughout development. We finally show that in contradiction with previous data (32) the unfertilized sea urchin egg extract is able to ligate blunt ended DNA molecules.
EXPERIMENTAL PROCEDURES Reagents and enzymes
Restriction enzymes and T4 DNA ligase were supplied respectively by Boehringer and Pharmacia. Bluescript plasmid was purchased from Stratagene and [a-
32 P] ATP (3000 Ci/mmol) from Amersham. Anti-rabbit antibodies coupled to alkaline phosphatase were from Bio-Rad. Polyclonal antibodies directed against X. laevis DNA ligase I were prepared as previously described (17) . Protease inhibitors are purchased from Sigma.
Living materials X laevis were from our laboratory facility and adults Pleurodeles were obtained from the CNRS facility (Toulouse). Axolotl were kindly provided by Dr P.Jego (Rennes). Oocytes were prepared from total ovaries treated in a calcium-free collagenase solution at 2 mg/ml. Unfertilized eggs were obtained from females injected with human chorionic gonadotropin: 900 Units for X. laevis and 500 Units for axolotl and Pleurodeles. Stage 12 Xlaevis embryos according to Nieuwkoop and Faber (33) were obtained as already described (17) . Axolotl and Pleurodeles neurulae were obtained respectively from natural breeding and an in vitro fertilization.
Adults Psammechinus miliaris sea urchins were obtained at the Marine Station of Luc-sur-mer. Unfertilized eggs were obtained by injection of 0.5 M KC1 and fertilization was performed by addition of diluted sperm. Embryos were maintained in fresh sea water.
Preparation of cellular extracts
All operations were performed at 4°C. Oocytes eggs and embryos were homogenized in a glass and teflon homogenizer in one volume of extraction buffer (0.1 M KC1, 50 mM Tris/HCl pH 7.5, 0.5 mM DTT, 5% glycerol, 5% sucrose, 1 mM PMSF, 1.9 /tg/ml aprotinin, 1 /tg/rnl each of leupeptin and pepstatin A, 0.5/tg/ml each of chymostatin and TLCK, 20 mM Na 2 S2O 5 ). The homogenate was sonicated (3x15 s) and centrifuged at 140,000g for 60 min. The supernatant (crude extract) was directly used for DNA ligase assay. When necessary DNA ligase was partially purified using ammonium sulfate precipitation followed by chromatography trough an Ultrogel AcA34 column.
DNA ligase assay DNA ligase assay was performed in a 10 /xl reaction containing 20 mM Tris/HCl pH 7.8, 5 mM MgCl 2 , 10 mM DTT, 20 /tg/ml BSA, 1 mM ATP, 200 mM NaCl, 10% PEG 6000, 200 ng of EcoRI or EcoRV linearized Bluescript DNA and 0.6 to 0.8 /xg of protein extract. After 30 min at 37°C the reaction was stopped by 10 min incubation at 65 °C then 10 p\ of a solution containing 0.2% SDS and 0.4 M NaCl were added. After phenol extraction and ethanol precipitation the reaction products were analysed on a 1 % agarose gel containing 0.5 /ig/ml ethidium bromide and visualized under UV light.
Formation of DNA ligase adenylated complex and Immunoblotting analysis
The DNA ligase AMP adduct reaction was performed on the partially purified extracts as previously described (17) . After adenylation the reaction products were separated by SDSpolyacrylamide gel electrophoresis and electrophoretically transferred onto a nitrocellulose membrane. The adenylated polypeptides were detected by autoradiography.
Immunoblotting was performed on the same membrane. The membrane was saturated in 140 mM NaCl, 2.5 mM KC1, 8.5 mM Na 2 HPO 4 , 1.5 mM KH 2 PO 4 , pH 7.5 containing 1% BSA and 1 % powdered milk, then incubated with a 1/100 dilution of the anti X laevis DNA ligase I serum for 3 h. The antigenantibody complexes were detected using an anti-rabbit antibody coupled with alkaline phosphatase. Bromochloroindolyl phosphate-nitro blue tetrazolium was used as substrate for the alkaline phosphatase.
RESULTS AND DISCUSSION DNA ligase I activity in amphibian
Mammalian DNA ligases type I and II are catalytically and serologically different. DNA ligase I can ligate blunt ended DNA molecules while DNA ligase II is inefficient on that substrate. We used this property to detect DNA ligase I activity in various development stages of axoltl and Pleurodeles. The apparition of DNA ligase I has been previously reported to occur after fertilization thus we prepared protein extracts from oocytes, unfertilized eggs and embryos according to the technique routinely used for axolotl and Pleurodeles DNA ligase analysis (18) (19) (20) (21) (22) . We omitted sucrose gradient sedimentation and the supernatant obtained after high speed centrifugation was directly assay for its ability to ligate cohesive and blunt ended DNA molecules. As shown in Fig.l all cellular extracts from either axolotl, Pleurodeles ox X laevis can ligate cohesive (Fig. 1A ) as well as blunt ended DNA molecules (Fig. IB) . In each case the same amount of total protein was used indicating a similar DNA ligase activity content in the three different extracts. This result demonstrates that in the three amphibians species, DNA ligase I activity is present in the oocyte and the unfertilized egg as well as in late embryo. Therefore, as we already described for X. laevis, there is no change in DNA ligase I activity during the development of the three amphibians studied.
Identification of amphibian DNA ligase I
We used two approaches to identify DNA ligase I in the different extracts: DNA ligase-AMP adduct reaction and immunoblotting analysis. Figure 1 . DNA ligase activity in amphibian. DNA ligase activity was assayed as described under 'Experimental procedures' on EcoRI (A) or EcoRV (B) linearized ptasmkl DNA using 0.8 /jg of protein from X. laevis (X.I.), Pleurodeles (PI.) and axolotl (Ax.). Protein extracts were respectively from oocytes (lanes 1); unfertilized eggs (lanes 2) and embryos (lanes 3). C: control DNA with no extract; T 4 : control DNA with T4 DNA ligase.
B
DNA ligase can be specifically labelled by incubation with [a- 32 ?] ATP, the enzyme forming a stable adenylated complex (DNA ligase-AMP adduct) detectable by SDS polyacrylamide gel electrophoresis. 50 /tg of partially purified extract were adenylated as described in Experimental Procedures resolved by SDS polyacrylamide gel electrophoresis and transferred onto a nitrocellulose membrane. Fig.2A shows the autoradiogramm of the membrane. There is a single adenylated polypeptide of 160 kDa in the three axolotl extracts while a unique 180 kDa adenylated polypeptide is present in the Pleurodeles extracts. As previously reported the X. laevis extracts reproducibly show the 180 kDa DNA ligase I and a proteolysis product of 130 kDa which is still able to be adenylated. These results clearly show that a single adenylated polypeptide, with no difference in size before or after fertilization, is found troughout the development of the three amphibians.
We next used antibodies raised against the X. laevis DNA ligase I to identify by immunoblotting analysis the related polypeptides in axolotl and Pleurodeles extracts. We have previously shown that polyclonal antibodies directed against the calf thymus DNA ligase I could cross react with the X. laevis DNA ligase I polypeptides indicating a good conservation between the mammalian and the X. laevis enzyme (17) . Consequently we postulated a good conservation of the enzyme between the different amphibians. The membranes corresponding to the autoradiogramm shown in Fig.2A were incubated with the immune serum. As shown in Fig.2B the only polypeptides recognized by the antibodies are those which were adenylated (compare Fig.2 A and B) . The exact correspondence between the adenylylated polypeptides and the antigen-antibodies complexes prove that the DNA ligase I from axolotl and pleurodeles are already present in the egg before fertilization. Taken together, these results clearly demonstrate that DNA ligase I is the major ligase activity in the oocyte and the unfertilized egg of amphibian.
DNA ligase in sea urchin early development
It has been previously reported that the oocyte of Psammechinus miliaris sea urchin contained a single form of DNA ligase (light form) which was replaced by a heavy form of the enzyme in the embryo according to the same mechanism already described in axolotl and Pleurodeles (24) . Moreover, it was shown in Lytechinus pictus that only the embryonic heavy form was able to ligate blunt ended DNA molecules (32) . We reinvestigated this last result using eggs and embryos of Psammechinus miliaris. We failed to detect any DNA ligase activity in crude extracts due to their high nucleases content. Therefore DNA ligase was partially purified by ammonium sulfate precipitation followed by chromatography through an Ultrogel AcA34 column. As shown in Fig.3 the partially purified extracts from both unfertilized eggs and embryos are able to ligate cohesive as well as blunt ended DNA molecules. This activity, although low and still contaminated with nucleases when compared to amphibian extracts, is clearly detectable before fertilization.
X.I.
Ax. P]AMP adducts, formed as described under 'Experimental Procedures' were electrophoresed through a 7.5% SDSpolyacrylamide gel which was dried down and exposed to X-ray film. B: Immunological detection of amphibian DNA ligase I; The nitrocellulose membranes containing the DNA ligase-AMP adducts and corresponding to the autoradiogramms shown in A were incubated with the antiserum directed against the X. laevis DNA ligase I as described under 'Experimental Procedures'. Partially purified extracts were respectively from oocytes (lanes 1), unfertilized eggs (lanes 2) and embryos (lanes 3). X.I.: X.laevis; PI.: Pleurodeles; Ax: axolotl.
CONCLUSION
By using three different approaches we clearly demonstrate in this report the presence of DNA ligase I in oocyte and unfertilized egg of both axolotl and Pleurodeles. This activity is supported by a single polypeptide of respectively 160 kDa in axolotl and 180 kDa in Pleurodeles. When analysed by SDS PAGE we did not observed any change affecting these polypeptides between oocyte, unfertilized egg or embryo indicating a good stability of the enzyme. We have also shown that the unfertilized egg and embryo of sea urchin are undistinguishable regarding their content of DNA ligase activity and that in contradiction previously published data, the unfertilized egg contains a DNA ligase activity able to ligate blunt ended DNA molecules.
Together these results are incompatible with the model where a change in DNA ligase occurs during amphibian and sea urchin development; a model later extended to the ram, chick or human. This raises the question about the interpretation of the DNA ligase Figure 3 . DNA ligase activity in sea urchin. DNA ligase activity from sea urchin partially purified extracts was assayed on EcoRI (A) or EcoRV (B) linearized plasmid DNA as described under 'Experimental procedures'. Unfertilized egg extracts (lanes 1, 2) and embryo extracts (lanes 3, 4) contain respectively 0. 6  H% (lanes 1, 3) and 1.2 fig (lanes 2, 4) of proteins. T 4 : control DNA with T4 DNA ligase; C: control DNA with no extract. activity data obtained with sucrose gradient sedimentation to separate different forms of DNA ligase. One explanation could be related to the sensitivity of DNA ligase to proteolysis. Mammalian and X.laevis DNA ligase I, like Drosophila DNA ligase, are very sensitive to proteolysis and may generate smaller active polypeptides (17, 31, 34) . This peculiarity, also shared by other amphibian DNA dependant proteins like DNA polymerase and DNA topoisomerase (35, 36) , could give artefactual results leading to misinterpretations of the data.
The data presented here clearly support the idea that all the proteins that are involved in DNA replication, including DNA ligase I, are stored in the unfertilized egg waiting to be used after fertilization. The presence of DNA ligase I before fertilization dicredit the DNA ligase model that was so attractive in terms of early gene activation. All these results have to be considered as a correction to all previous reports regarding a change of DNA ligase during early development.
In addition our results stress the fact that all the data obtained with the sucrose gradient technique should be reconsidered with the specific tools for DNA ligase I detection now available. For instance, the DNA ligase deficiency reported in T cells from acute lymphoblastic leukemia (37, 38) have not been confirmed when reinvestigated with appropriate tools (39) .
